The contribution of serum cholesterol to the risk for atherosclerosis is determined by its distribution among the various lipoprotein fractions. A relatively large amount of cholesterol in the low-density lipoprotem (LDL)' fraction is atherogemc, whereas HDL-cholesterol appears to be protective (1). For distinguishing survivors of coronary heart disease from healthy persons, the LDL-chol/HDL-chol ratio is reportedly threefold more sensitive than the measurement of total serum cholesterol (2). 6). At least one of these methods is considered suitable for analyzing serum from patients with hyperlipoproteinemia (HLP) type ifi (3) as well as from patients with type N or V HLP (4). Therefore, we compared these methods with a combined ultracentrifugationlprecipitation method (7,8) for various sera from normo-and hyperlipemic subjects. In addition, we considered the usefulness of the indirect method of Friedewald et al. (9), which is based on the determination of serum cholesterol, triglycerides, and HDL-chol.
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Materials and Methods

Sera
Fresh serum samples from overnight-fasted normal persons and from patients with various types of HLP were stored at 4#{176}C for no longer than four days, unless stated otherwise. Patients were classified into the different phenotypes according to the criteria of Fredrickson et al. (10) with cutoff limits for serum cholesterol, triglycerides, and LDLchol of 7.3, 2.0, and 5.2 mmolJL, respectively (11). HLP was classified as type ifi when high concentrations of serum lipids were combined with a VLDL-chol/seruin TG ratio >0.69 and the absence of apoprotein E-3 and E-4 in the isoelectric focusing pattern of the VLDL apoproteins
(11).
Because it was our intention to propose a clear criterion at which the precipitation methods and the Friedewald formula are equally accurate or inaccurate, we arbitrarily classified sera as type N or V HLP when LDL-chol was not increased and serum TG were less or more than 8 mmol/L, respectively. We judged this adaptation to be necessary because of the disagreement of the current electrophoresis and refrigeration tests for detecting chylomicrons in serum of different phenotypes (12). In our opinion, the interpretation of these tests is rather subjective, especially in the analysis of type N and V sara.
Procedures
Comparison method. The method we used for reference in this study was a combined ultracentrifugationJprecipitation procedure.
VLDL-chol was determined directly in the VLDL-fraction isolated by ultracentrifugation (7) and HDLchol was determined after precipitation of the VLDL and LDL in whole serum by polyethylene glycol 6000 (8). LDLchol was calculated by subtraction. To determine the flotation/density characteristics of the lipoproteins precipitated in procedure A, we used the density-gradient ultracentrifugation procedure described elsewhere (13). Dissolve the precipitates obtained from 3 mL of either a fresh normolipidemic serum or a type III serum (chol 9.3 mmol/L; TG 6.5 mmoLfL) in 3 mL of sodium citrate buffer (64 mmol/L, pH 7.7). Increase the density of the clear solution to 1.10 kgfL by dissolving 0.14 g of KBr per 3 mL, then transfer 2.7 mL of this to a 10-mL ECI B60 polycarbonate ultracentrifuge tube (14.5 x 96 mm, the same length as the tubes used in ref. Correct the results for dilution. For example, analysis of 20 MLof standard and 100 ML of supernate A, combined with an 11-fold sample dilution during the precipitation step, requires a correction factor of (2100/2020) x (1/5) x 11. To calculate the LDL-chol values, we subtract the cholesterol in the supernate from the total serum cholesterol.
Triglycerides
were determined by semi-automated colorimetry (16). All concentrations are expressed in mmolJL.
Statistical analyses.
We analyzed results by Student's paired or unpaired t-test. Results obtained by different methods were correlated by using Pearson's correlation test. The standard errors in the intercept, slope, and estimate (S,) were also calculated (17) .
Results
Evaluation of the accuracy of the Friedewald formula. The accuracy of the Friedewald formula (LDL-chol = total chol -HDL-chol -0.45 x serum TG) is of course influenced by the accuracy of the methods used for the determination of cholesterol, TG, and HDL-chol. Furthermore, the relation between the concentration of serum TG and VLDL-chol is dependent on age, sex, ethnic, and sociodemographic variations of the subjects studied (18) .
We determined the accuracy of the Friedewald formula with 285 serum samples from normal individuals and from patients with various forms of HLP who were visiting our out-patient clinic. Patients with type I, ifi, or V HLP were not included, so that this group we studied had serum TG between 0.4 and 8.0 mmol/L. These subjects were divided into two groups, with serum TG concentrations greater or less than 4.52 mmol/L (400 mg/100 mL). The ratios for VLDL-chollseruni TG in these groups were 0.41 ± 0.10 (mean and SD; n = 219) and 0.47 ± 0.12 (n = 66), respectively. The average ratio in the whole group was 0.42 ± 0.11, which is in good agreement with Friedewald's value of 0.45. In the following section we used the 0.42 value to calculate LDL-chol concentrations; these results (4.51 ± (Table 3) .
Analysis of LDL precipitates by density-gradient ultracentrifugation.
The presumed LDL precipitates obtained with reagent A from a serum with normal lipid values and a type Ill serum were analyzed by density-gradient ultracentrifugation as described above. In the normal serum 83% of the lipoproteiii-associated cholesterol was found in the 0 <Sf <15 fraction and had the flotation characteristics of LDL; the remainder was isolated in the fractions with S1 >100 (2%) and 15 <Sf <100 (15%). In the type ifi serum these percentages were 30,23, and 47%, respectively. Thus, in the type ifi serum not less than 70% of the precipitated lipoprotein-associated cholesterol was non-LDL.
Discussion
The three recently introduced precipitation methods have been claimed to specifically precipitate LDL without coprecipitating the VLDL and HDL. Five sera divided into I -mL aliquots wereanalyzed freshly or after storage at -20#{176}C or4 'C for1,6, 10,13,and21daysbythe three precipitation methods.
For comparison, the CV for the total cholesterol measurement is also given.
See also text.
now the precipitation behavior of VLDL remnants accumu- 80 mmoIIL) . This indicates that VLDL remnants are precipitated even when their density is <1.006 kgfL. This is confirmed by density-gradient ultracentrifugation: in a normal serum and a type ifi serum, 17 and 70% of the precipitated lipoprotein-associated cholesterol had flotation properties characteristic for VLDL remnants. Binding of heparin or other polyanions to the LDL particles does not explain these results, because we found that binding of heparin does not influence the density distribution of LDL.
Taken together, the precipitation methods evaluated here measure the same apparent LDL-chol values as ultracentrifugation but also precipitate the VLDL remnants. All precipitation methods were equally effective, at least in nontype ifi sera with TG concentrations less than 8 mmol/L, and all were equally inaccurate in the analysis of type Ill sara.
Surprisingly, the LDL-chol values calculated by the Friedewald formula were also accurate, except for sara from patients with type Ill and V HLP. As mentioned earlier, the mean value we obtained for the VLDL-chol/serum TG ratio in 285 sera was close to that found by Friedewald et al. (9) .
In contrast to their original report, we also found the We recommend storing the sara at -20 #{176}C (maximum one month), preferably, or at 4#{176}C (one week). Precipitation method A is the most sensitive to changes in the storage conditions, perhaps because during storage the pH of serum increases (8), which may influence the precipitation of LDL by reagent A (3).
From our results, we conclude that the introduction of methods for specific precipitation of LDL seems superfluous, because we obtained the same or even better results by using the Friedewald formula. However, this is only a good alternative for those laboratories that have accurate and precise methods for the determination of both serum TG and HDL-chol. Determination of HDL-chol in sara with abovenormal TG concentrations may be an especial source of error (20).
If LDL-chol is precipitated to differentiate between LDLchol and HDL-chol, we recommend using the Friedewald formula. The interference of VLDL remnants in the precipitation method for LDL is, in our opinion, rather an advantage than a disadvantage because both classes of lipoproteins are atherogemc in contrast to ordinary VLDL (21).
Thus, by using the precipitation methods or the Friedewald formula, one can more nearly accurately quantify the concentrations of atherogenic lipoproteins present, even in type ifi HLP. In this respect these methods are superior to ultracentrifugation.
